The purine nucleoside analog -cladribine (2-chloro-2'-deoxyadenosine, CdA) represents a novel cytotoxic chemotherapeutic agent. Cladribine has established clinical activity in hematological malignancies (DELANNOY 1996; ROBAK 2003; PARKER et al. 2004; GREYZ & SAVEN 2004; ROBAK et al. 2005 ROBAK et al. , 2006a ROBAK et al. , 2006b ROBAK et al. , 2006c . Nevertheless, some aspects of the action of cladribine are as yet unclear. Available information on biological properties of CdA and its cytotoxic activity against different pathological hematopoietic cells is still scarce (GUCHELAAR et al. 1994; LOTFI et al. 1999; MANSSON et al. 1999; STACHNIK et al. 2005) . In any case, to our knowledge, changes occurring in the cell volume following cladribine application have not yet been observed.
The present study was undertaken in order to evaluate and compare the in vitro response of three human pathological hematopoietic cell lines to the action of cladribine. Temporary changes in the viability, volume, and count of human acute lymphoblastic leukemia MOLT-4 cells, human histiocytic lymphoma U-937 cells, and human promyelocytic leukemia HL-60 cells subjected to the action of CdA, were analyzed.
Material and Methods

Cells
Human acute lymphoblastic leukemia MOLT-4 cells (ECACC, European Collection of Cell Cultures, UK), human histiocytic lymphoma U-937 cells and human promyelocytic leukemia HL-60 cells (American Type Culture Collection, USA), were maintained in RPMI 1640 medium (Gibco BRL Life Technologies) supplemented with 10% fetal calf serum (GIBCO BRL Life Technologies), 2 mM L-glutamine (Sigma Aldrich), and antibiotic antimycotic solution (AAS, Sigma Aldrich). AAS contained 20 units of penicillin, 20 mg streptomycin and 0.05 mg amphotericin B. Every third day, the cells were passaged. The cells grew at 37°C in an atmosphere of 5% CO in air (HERAcell incubator, KendroLab).
Cladribine concentrations and cell treatment
Cladribine (Biodribin, Cladribinum, CdA, BIO-TON, Institute o Biotechnology and Antibiotics, Warsaw) was used. Cladribine was diluted in aqua pro injectione (Polpharma). All solutions were freshly prepared directly before treatment of cells. After a dilution of the cell suspension to a density of 15x10
" cells/ml medium, MOLT-4, U-937, and HL-60 cells were subjected to antimetabolite agent exposure. The cells were exposed to the action of cladribine at four concentrations of 50 nM, 100 nM, 250 nM and 500 nM. The control material consisted of untreated cells.
MTT assay and Beckman Coulter method
Temporary changes occurring in MOLT-4, U-937, and HL-60 cells were observed 24h and 48h after cell exposure to cladribine. At these two time intervals, the cell viability, and the cell volume and count, were analyzed. The research was conducted using the spectrophotometric MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide) assay and the electronic Beckman Coulter method. In viable, metabolically active cells, the tetrazolium ring of MTT is cleaved, yielding formazan crystals. Changes in the metabolic activity of cell populations result in a concomitant change in the amount of formazan formed. The Beckman Coulter method of cell sizing and counting is based on the detection of an electrical pulse which results from the passage of each cell through an aperture. The amplitude of the produced electrical pulse depends on the cell volume. The number of pulses indicates the cell count. Cell viability assay MTT (Sigma-Aldrich) was dissolved in RPMI 1640 medium, at a concentration of 5 mg/ml, and filtered through a 0.2 Fm filter. 100 Fl of the yellow MTT solution was added to each well of a 24-well plate, containing 1 ml of the cell suspension. The cells were then incubated at 37°C with 5% CO . A blank solution was prepared according to the above procedure using complete medium without cells. After the three-hour incubation period, the resulting formazan crystals were dissolved with 1 ml of acidified isopropanol (0.05 N HCl in absolute isopropanol), and absorbance of the obtained solution was measured at a wavelength of 570 nm using a Pharmacia Ultrospec III spectrophotometer (Pharmacia). The extent of MTT conversion in cells was also expressed as a percentage value of the control.
Measurement of cell volume and count
Samples of the acute leukemia cell suspension were taken from wells of a 24-well plate and immediately diluted in ISOTON II (Beckman Coulter filtered electrolyte solution based on 0.9 % saline). 500 Fl of the cell suspension was added to 4.5 ml of ISOTON II. After the dilution of the leukemia cell suspension, individual cells were measured using a Z2 Coulter counter (Beckman Coulter, USA). The volume and count distribution of leukemia cells was obtained using a counter equipped with a 100 Fm diameter orifice. The flow rate was 500 Fl / 12.5 sec. The instrument was calibrated using 10 Fm diameter latex beads (Beckman Coulter CC size standard). The mean cell volume and the cell count were determined using Z2 AccuComp software (Beckman Coulter, USA).
Statistical evaluation
Statistical significance of differences in the amount of formazan formed and the cell volume and count were evaluated by an analysis of variance and the Duncan's new multiple range test. A difference with P<0.05 was considered statistically significant. The results were confirmed by three independent experiments carried out in triplicate.
Results and Discussion
In the present study the influence of cladribine on MOLT-4, U-937, and HL-60 cells was determined. Temporary changes in the optical density of formazan solution which reflects cell viability (Table 1, Fig. 1A ) and in the volume (Table 1, Fig.1C ) of the human pathological hematopoietic cells, were evaluated at 24h and 48h after CdA application. The results demonstrated that the viability of MOLT-4, U-937, and HL-60 cells was reduced at 48h after CdA application. Fluctuations in the viability values were observed at 24h after cell exposure to the action of this purine nucleoside analog. Among the human cell lines tested, the lowest viability values were found in MOLT-4 cells. The mean cell volume distinctly increased when CdA was applied, with the exception of decreased values found only in MOLT-4 cells when this agent was given at higher concentrations 250 nM and 500 nM. Cladribine application caused a count reduction of MOLT-4, U-937, and HL-60 cells. The various patterns of temporary alterations in the cell viability, volume and count depended on the concentration of CdA given, the time intervals after its application, and the cell line used.
Taking into account our results concerning cell viability, volume and count, it can be stated that the mode of cladribine action on the three pathological hematopoietic cell lines varied distinctly. It is suggested that MOLT-4, U-937, and HL-60 cells underwent different types of programmed death. It is assumed that an increase of the mean cell volume may indicate that the cells undergo mitotic catastrophe or programmed necrosis, and a decrease of the mean cell volume can be the result of apoptotic processes occurring in the cell population. It should be emphasized that the exact mechanisms of the action of cladribine on human acute lymphoblastic leukemia MOLT-4 cells, human histiocytic lymphoma U-937 cells, and human promyelocytic leukemia HL-60 cells have not yet been determined and compared.
The mechanisms of action of CdA on different types of cells are not fully known (GUCHELAAR et al., 1994; WILSON et al. 1998; LOTFI et al., 1999; MANSSON et al., 1999; NIITSU et al., 2000; GALMARINI et al. 2001) . It is accepted that the uptake of CdA into the cell can significantly modulate the intracellular bioavailability of this agent. The biological activity of CdA depends on the preferential accumulation of cladribine phosphates in the cell. The nucleoside of this purine analogue is transported into cells and sequentially phosphorylated to its triphosphate derivative by deoxycytidine kinase, adenylate kinase and then nucleoside diphosphate kinase : CdA 6 CdA-MP 6 CdA-DP 6 CdA-TP. Cladribine accumulates in the cells as chlorodeoxyadenosine triphosphate (HUBER-RUANO et al. 2009 ). The mechanisms of cladribine activity are based on inhibition of enzymes involved in DNA, RNA, and protein synthesis. Cytotoxicity of CdA is associated with events critical to cell entry into S phase (BEUTLER 1992; ROBAK et al. 2006a ROBAK et al. , 2006b ).
Cladribine has cytotoxic effects on resting and proliferating cells. The cytotoxicity of CdA in the proliferating cells is mainly due to either suppression of DNA synthesis via inhibition of DNA polymerases, or incorporation into DNA, or inhibition of DNA repair and accumulation of DNA breaks. CdA inhibits also ribonucleotide reductase activity leading to imbalance in deoxynucleotide triphosphates pool, and via endonuclease activation leads to DNA strand breaks. The cytotoxic action of CdA may also originate from the inhibition of deoxyadenosine deamination and phosphorylation, and subsequent inactivation of 5-adenosylhomocysteine hydrolase as a natural consequence of adenosine accumulation. In quiescent cells, CdA interferes with proper repair of DNA and leads to a total disruption of cellular metabolism via accumulation of breaks in the DNA strand. The formation of DNA strand breaks, inhibition of DNA synthesis and repair, nicotinamide adenine dinucleotide (NAD) and ATP depletion, can consequently lead to cell death (WILSON et al. 1998; GENINI et al. 2000; MARZO et al. Effects of Cladribine on Hematopoietic Cells
